in the morning and close at nights. Von Frisch observed that bees on flowers sit only at certain times. 11 Cognitive performance parameters are time-dependent. Cognitive function reduces in the morning (from 9 to 11 am). Then, in the early hours afternoon, 2 increase and reach its peak by the end of the evening (4 pm). Previous studies have reported the significant impact of circadian rhythms on academic performance, which confirms the idea that different cognitive abilities, such as memory influenced by circadian rhythm. 9, 14 In addition to the circadian cycle, the sleep-wake cycle is another factor affecting the emotional and cognitive functions. In the science of morphology, time divided into 3 sets (1) morning, (2) afternoon and (3) neutral. 15, 16 Time changes in cognitive processes may occur for many people so that those hours are considered optimal hours for the cognitive process. 17 Investigating daily fluctuations and cognitive performance or as it can be called school rhythm can help to find the most optimal times for learning during the day, So that during the day there are differences between individuals in the learning process. These time differences change and fluctuate between girls and boys in different age groups. 12 These changes have also witnessed in the puberty period. 18 Circadian variation in human behavior has been depicted in activities such as sleep-wake upcycle, mental alertness report, sleepiness and fatigue, and performance on some activities such as sensory and motor functions, time conception, reaction time, memory function, verbal performance, mathematical performance, driving and job. 19 In general, the reason that performance boosts during the day and reduces at night associated with changes in body temperature. The performance also depends to a biological factor in the decrease in memory function in the waking hours or during sleep deprivation. This bioregulation also improves the performance after sleep. 5, 20 Although there have been many types of research in the field of biological rhythms and their impact on cognitive processes, particularly memory, no research has investigated these variables taking into account the chronotype (morningness and eveningness) simultaneously which can consider as the innovative aspect of this research in Iran and even abroad. This study aims to find if (1) Does the memory function of preschool children differ throughout different time and different days of the week in an educational environment? (2) Is memory performance of a morning preschool children different from afternoon preschool children and these two time periods throughout the day and the week?
Methods
The research aimed to study the rhythm of daily and weekly working memory performance of preschoolers based on their chronotype (morningness and eveningness) orientation. The research method is causal-comparative.
The statistical population is 100 preschool children in Tehran that were selected based on purposive sampling. The researcher started to find a school with both morning and evening shifts in Tehran and could finally select the suitable school which fitted the purpose of data collection. Data collection instrument were children morningness-eveningness preference (CMEP) in the form of questionnaire and working memory test. To achieve the desired outcome a group of students selected from morning shift preschoolers, a group selected from evening shift, and the third group selected from both morning and evening shift. The logic behind the estimation of sample size and the causal-comparative nature of the study determines the inclusion of at least 15 participants in each group. Also, using the software to determine sample size, G * Power version of 10.0.3 in the family F with the input of the effect size 0.33, alpha level 0.05, power 0.95, resulted in a sample size of 98 in this study. The total participants were 100 preschool children. Their working memory was tested at different time intervals of (8, 11, 13, and 15) and weekly (Saturday, Sunday, Monday, Tuesday and Wednesday). Saturday also considered as the first day of the week. After obtaining written consent from parents of children participating in the study, demographic questionnaire and the morning-evening scale presented to them. In the phase of implementing the study, the researcher visited the mentioned center in the intervals between 8:00 am and 9:00 am, 10:00 am and 11:00 am, 1:00 pm and 2:00 pm, 3:00 pm and 4:00 pm to assess the cognitive abilities of working memory in children. This assessment was repeated 5 days a week, from Saturday to Wednesday. Assessment tools used by the researchers conducted by the instructions. SPSS software version 23 using a mixed analysis of variance was employed.
Measures

Morningness-Eveningness Questionnaire
Children's Chronotype Questionnaire (CCTQ) employed to measure the morningness-eveningness orientation among preschool children. CCTQ is adapted from previous questionnaires to assess the morningness/ eveningness (M/E) scale prepared by Werner et al. 21 The CCTQ is a parent-report questionnaire which includes 3 different parent-report measures of children's chronotype. The M/E scale score derived from responses to 10 questions about preferred timing of going to bed, getting up in the morning, taking a cognitive test, and completing physical activities, as well as the child's most prevalent behavior in recent weeks (e.g., sleepiness after awakened in the morning and in the evening). 22 The average corrected correlation with the total scale of each question was 0.31 ranging from 0.49 to 0.71, respectively. 22 These indicators suggest that the validity and internal consistency of this scale are desirable. To use this scale in this study, at first scale questions were translated by English into Farsi translator and then translated back into English. After proofreading, the Persian questionnaire was revised again and handed to some psychology professor for checking its content validity.
Working Memory Test
To measure working memory in children, based on Kim Karad visual memory test, a visual-verbal reminders paradigm used. At first 15 images of animals, fruits and objects from the collection of images were randomly selected to conduct a pilot study with 15 images for the ultimate test. After that, at first, the most recognizable images in the pilot study were determined for samples and images that not identified and excluded from them. Then 15 of these images, which had the highest optimal variance among children, were selected. The test run in 3 phases, in each phase 5 images are presented to children for 15 seconds. At the same time children see the images the instructor tells them the word and wants them to repeat. After completion of the images, children distorted in a play for 30 seconds. Then they are asked to name the pictures that express their view. The number of images that children remind in 3 steps considers as their score from zero to 15.
Results
Mean and standard deviation of memory test at different times of day and days of the week for children in 3 groups presented in Table 1 (for the sake of brevity, the report columns and rows corresponding to the total score ignored).
To answer the research question we used mixed analysis of variance. Because there were an independent variable, 2 independent variables within the group, 2 independent variables within the group and a dependent variable to measure the distance. Independent variable included: group of children at 3 levels: in the morning, intermediate and evening. Two independent variables within the group were: daily cycle with 4 levels: 8 hours, 11 hours, 13 hours and hours 15, and a weekly cycle with 5 levels: Saturday, Sunday, Monday, Tuesday and Wednesday. Dependent variable to measure the distance was memory score. Before carrying out the analysis, for the assumption of sphericity Mauchly test was used which the results tabulated in Table 2 .
According to the Mauchly test results provided in Table  2 , the assumption of sphericity for the main effects in both within-subjects variables established. The chi-square value is significant for the effect of their interactions shows that this assumption does not connect to the interactive effect of daily and weekly cycles. Thus, in calculating the interaction between the two variables within-subjects analysis of variance for the effect of Greenhouse-Geysers corrected values used.
The combined analysis of variance in Table 3 shows the effect of the weekly cycle on memory function in preschool children is significant, which means that the memory of these children significantly differs during different days of the week. Bonferroni post hoc test revealed that the difference between Saturday with Tuesday and Wednesday and also between Sunday and Wednesday is significant. Figure 1 shows the weekly cycle effect on memory performance in preschool children.
As Figure 1 represents, memory function of preschoolers on Saturday and Sunday is at its highest point and reaches Table 3 for the main effects of the weekly cycle suggest that about 4% of preschoolers memory change explained by the weekly cycle.
According to Table 3 , it is evident that the interaction effect of the weekly cycle and groups on memory performance is not significant, which means that these two variables are not adjusted to each other and preschoolers' morning, intermediate and evening shifts do not show memory performance difference during different days of the week. However, the main effect on the daily cycle is significant. That is, preschoolers overall memory performance is different during different times of the day. Bonferroni post hoc test revealed that the difference between the hours of 8 to 11, 13 and 15 and between 13 and 15 hours is significant. Figure 2 shows the daily cycle effect on preschoolers' memory performance.
As indicated in Figure 2 , the memory function of preschoolers is at the highest level at 8 o' clock and is at the lowest level at 13, but it has significantly improved As Figure 1 represents, memory function of preschoolers on Saturday and Sunday is at its highest point and reaches its lowest points over the last days of the weekend. Chi Eta also reported in Table 3 for the main effects of the weekly cycle suggest that about 4 percent of preschoolers memory change explained by the weekly cycle.
According to Table 3 , it is evident that the interaction effect of the weekly cycle and groups on memory performance is not significant, which means that these two variables are not adjusted to each other and preschoolers' morning, intermediate and evening shifts do not show memory performance difference during different days of the week. However, the main effect on the daily cycle is significant. That is, preschoolers overall memory performance is different during As Figure 1 represents, memory function of preschoolers on Saturday and Sunday is at its highest point and reaches its lowest points over the last days of the weekend. Chi Eta also reported in Table 3 for the main effects of the weekly cycle suggest that about 4 percent of preschoolers memory change explained by the weekly cycle.
According to Table 3 , it is evident that the interaction effect of the weekly cycle and groups on memory performance is not significant, which means that these two variables are not adjusted to each other and preschoolers' morning, intermediate and evening shifts do not show memory performance difference during different days of the week. However, the main effect on the daily cycle is significant. That is, preschoolers overall memory performance is different during different times of the day. Bonferroni post hoc test revealed that the difference between the hours at 15 again. Chi Eta also reported in Table 3 for a daily cycle work suggests that about 17 percent of pre-school children's memory performance explained by daily cycle.
Variance analysis results presented in Table 3 indicate that the interaction effect of daily cycles and groups on memory function in preschool children is significant, which means that the memory function of children in the morning, intermediate and evening groups during the different hours of the day is different from each other. Figure 3 depicts the interaction effect. As Figure 3 indicates, there are differences regarding memory performance between children of different groups at different hours of the day. Morning preschool children are better than the other two groups at 8 o' clock in memory performance, but their performance drops at 11 and then remains relatively unchanged until 15. Meanwhile, their worst performance in memory occurs at 15, but this function is different for children at the intermediate and evening. These two groups have less memory performance at 8 o' clock in the morning in As Figure 1 represents, memory function of preschoolers on Saturday and Sunday is at its highest point and reaches its lowest points over the last days of the weekend. Chi Eta also reported in Table 3 for the main effects of the weekly cycle suggest that about 4 percent of preschoolers memory change explained by the weekly cycle.
According to Table 3 , it is evident that the interaction effect of the weekly cycle and groups on memory performance is not significant, which means that these two variables are not adjusted to each other and preschoolers' morning, intermediate and evening shifts do not show memory performance difference during different days of the week. However, the main effect on the daily Table 3 , it can see that the daily and weekly cycle interaction effect on memory function in preschool children is not significant, which means concerning all children, their performance at different times of the and in different days of the week does not differ significantly. However, according to the above table, it is observed that the interaction of the weekly cycle, daily cycles, and groups on memory performance is significant, which means that the performance of children in 3 groups, at different times for different days of the week have the same pattern. To illustrate this interaction, the interaction of the weekly cycle and the daily cycle of the 3 groups displayed in 4, 5 and 6, respectively.
According to Figures 4 to 6, it can be grasped that memory performance pattern of preschoolers morning, intermediate and evening during different times of different days of the week are different. For example, according to the diagrams, children in the morning have shown their best memory performance at 8 am all days of the week. However, this is not the case for the other two groups. The prominence of memory performance in the morning at 8 in the 2 groups no longer exists. Also, it can be seen that evening children's memory performance on all weekdays at 8, and 15 is very close together and relatively constant during the week, while their performance at noon, at 11 and 13, is gradually reduced during the week. However, this trend does not observe for the morning and intermediate, which means that in the two groups, especially in the morning, memory performances differences are relatively high throughout the week between 8 and 15.
Another point is that evening children memory performance is relatively close and constant on the first weekly cycle, daily cycles, and groups on memory performance is significant, which means that the performance of children in three groups, at different times for different days of the week have the same pattern. To illustrate this interaction, the interaction of the weekly cycle and the daily cycle of the three groups displayed in 4, 5 and 6, respectively. the performance of children in three groups, at different times for different days of the week the same pattern. To illustrate this interaction, the interaction of the weekly cycle and the cycle of the three groups displayed in 4, 5 and 6, respectively. day of the week at all hours of the day. Moreover, the next day, the difference in performance can be seen at different times of the day, while in the morning and evening there is a difference between the time of the day regarding memory performance from the beginning of the week. The best performance of morning and the intermediate group was at 8 o' clock on Saturday, while the best performance for the evening group was on Sunday at 11 pm. A decline in memory function at noon, namely at 11 and 13, during As Figure 3 indicates, there are differences regarding memory performance between childr different groups at different hours of the day. Morning preschool children are better tha other two groups at 8 o'clock in memory performance, but their performance drops at 11 then remains relatively unchanged until 15. Meanwhile, their worst performance in me occurs at 15, but this function is different for children at the intermediate and evening. Thes groups have less memory performance at 8 o'clock in the morning in comparison to the mo group, but as morning group their performance reduces from 11 to 13. Unlike the morning g their memory function improves at 15 compared to 13. Chi Eta also reported for the intera effect of the weekly cycle and group on memory performance suggest that about 4 preschoolers memory change explained by the weekly cycle.
According to Table 3 , it can see that the daily and weekly cycle interaction effect on me function in preschool children is not significant, which means concerning all children, performance at different times of the and in different days of the week does not d significantly. However, according to the above table, it is observed that the interaction o weekly cycle, daily cycles, and groups on memory performance is significant, which mean the performance of children in three groups, at different times for different days of the week the same pattern. To illustrate this interaction, the interaction of the weekly cycle and the cycle of the three groups displayed in 4, 5 and 6, respectively. As Figure 3 indicates, there are differences regarding memory performance between childr different groups at different hours of the day. Morning preschool children are better tha other two groups at 8 o'clock in memory performance, but their performance drops at 11 then remains relatively unchanged until 15. Meanwhile, their worst performance in me occurs at 15, but this function is different for children at the intermediate and evening. Thes groups have less memory performance at 8 o'clock in the morning in comparison to the mo group, but as morning group their performance reduces from 11 to 13. Unlike the morning g their memory function improves at 15 compared to 13. Chi Eta also reported for the intera effect of the weekly cycle and group on memory performance suggest that about 4 preschoolers memory change explained by the weekly cycle.
According to Table 3 , it can see that the daily and weekly cycle interaction effect on me function in preschool children is not significant, which means concerning all children, performance at different times of the and in different days of the week does not d significantly. However, according to the above table, it is observed that the interaction o weekly cycle, daily cycles, and groups on memory performance is significant, which mean the performance of children in three groups, at different times for different days of the week the same pattern. To illustrate this interaction, the interaction of the weekly cycle and the cycle of the three groups displayed in 4, 5 and 6, respectively. journals.sbmu.ac.ir/Neuroscience http the week was prominent for the intermediate group and very noticeable for evening group, while the morning group showed performance improvement in these two hours. Both the morning and the intermediate group showed the decline in memory performance in most of the hours on Monday, but the evening group unlike the other two depicted higher performance in most of the hours on Monday. Eta squared value reported for the interactive effect of daily and weekly cycles and group on memory performance States that the interaction of these 3 variables can explain about 3% of preschoolers' changes in memory performance. According to the analysis done on memory performance scores, and based on the mixed analysis of variance, the first and second research questions will answer.
In response to the first research question, referring to the proving a significant main effect of the weekly and daily cycle on memory function, it concludes that memory function of preschool children in a learning environment is different throughout the day and week.
In response to the second research question, based on meaningful interaction between groups and daily cycles and also among the interaction effects of group, daily cycles and weekly cycle on memory performance, it can conclude memory performance of morning preschool children is different during the day and week in comparison to intermediate and even group at the same educational setting.
Discussion
This main aim of this research was to study the daily and weekly rhythm of working memory performance of preschoolers based on chronotype (morningness vs. eveningness). Analysis of the data in response to the first question showed that the memory performance of preschool children varies in a learning environment throughout the day and week. It also revealed that this difference of performance is significantly related to different days of the week. The findings of this study are in line with the results of Sharifi 23 and Clark. 5 In this study, preschool children had their highest memory performance on Saturdays and Sunday and the lowest cognitive performance on the weekends. However, in a study done by Sharifi, 23 the children had shown lower cognitive performance on Saturday and Sunday and higher memory performance from Monday to Wednesday. Clark also mentioned maximum changes in the mood and weekly rhythms arousal on Fridays to Sunday and minimal changes observed from Monday to Wednesday. 5 Fluctuations in the mental function of a child are in a daily cycle can be influenced by several factors including the daily social activities of a child, and emotional factors. 13 The results of this study showed that preschoolers overall memory performance is different during different times of the day; this means that preschoolers memory performance at 8 o' clock is at the highest level and the lowest level at 13 but it significantly improved at 15 in comparison to 13. The result of this study is not in line with the studies done by Sharifi, 23 Esteki and Sadeghi, 11 Valdez et al, 24 Jarraya et al, 25 but the present results are inconsistent with Jarraya et al. 26 Sharifi in their study showed that the efficacy of the students is higher in the final hours before noon. 23 Testu reported higher results in the morning than in the afternoon on working memory depends on the age of students. Results in the first and third class in the afternoon were markedly similar to the results in the morning. He states that efficiently cycle fluctuations influenced by external factors such as age, educational conditions, and other programs. 27 Folkard and Monk 28 showed superior working memory in the morning than in the afternoon. Valdes et al 24 concluded that cognitive process improved during the day and reduced during the night and early morning, which means that students are not in good conditions to learn before 11 am. Esteki and Sadeghi demonstrated the efficacy of visual working memory in girls was at its highest point at 4 pm and for boys at 8 and 11 was higher than other times. 11 Gaggioni et al in an explanation of the impact of sleep homeostasis and circadian rhythm on the brain's cognitive processes stated that brain cognitive activities that are light dependent as potent modulators of cognition and awareness directly affect sleep and the daily rhythms. So based on their results, it was expected that preschoolers have a lower memory performance in the morning and their performance increase at the mid-day when the sun is at its maximum, while the results showed the opposite. 29 Jarraya et al, 25 Nicolas, 30 Souissi et al 31, 32 showed the core body temperature depends on time and is at its maximum value at 16 which correlated with better cognitive performance. While Jarraya et al concluded that handball goalkeepers' cognitive function was related to the circadian rhythm which was higher in the morning than any other time. 26 This finding is consistent with the findings of this research. On the other hand, most human activities show oscillations with a period of 24 hours by a biological clock that is at the core of the suprachiasmatic nucleus. Proof of the existence of this internal clock is that if a person placed in an environment with constant light and constant temperature, he will have the cycle of nearly 24 hours; therefore cognitive processes such as memory are different during 24 hours of a day. 33 Data analysis in response to the second question showed that memory performance of morning preschool children is different throughout the day and week compared with intermediate and afternoon preschool children in an educational setting. The children in the morning, have always shown their best memory performance at 8 am all days of the week, But this is not the case for the other two groups. The prominence of the morning at 8 in the 2 groups no longer exists. This finding of this study is in line with the 9 Valdez et al, 10 Konen et al, 13 Diaz-Morales & Escribano, 12 Gaggioni et al, 29 but in contrast with research done by Preckel et al. 34 Preckel and colleagues demonstrated that cognitive ability positively correlated with the type of eveningness. This difference in preschool children better working memory performance with evening and evening groups can be because morning group go to bed earlier and get up earlier the day after and they do not hurry to eat breakfast, and we know that breakfast is essential for proper cognitive function properly during the day. 34 Several studies have shown that individuals in evening groups have poor eating habits. They have difficulty to wake up in the morning and often leave the house without eating breakfast. The children who skip eating breakfast, avoiding being late to school, exposed more to health and performance problems. Not eating breakfast can decrease child school performance and reduces cognitive functioning. 35, 36 The evening group consumes fewer vegetables and more noodles; studies have shown that there is a correlation between eveningness preference and consumption of low-protein, calcium, zinc, vitamins D and B6, and riboflavin. 37 As results the evening groups who have to wake up early in the morning, they will suffer from some sort of sleep deprivation, and their prefrontal cortex-related functions show significant impairments after sleep deprivation. 38 However, the question is why individual morningness leads to excitement, wellbeing, and positive performance? One possibility is that morning people prefer to wake up early morning, and the expectations of society demand it, in contrast, as school working time begins in the early morning, eveningness group are forced to wake up earlier than their preferred time. Thus, they create a social jet lag, which leads to lack of sleep and distress in them. 39 One of the limitations of this study includes the lack of sufficient literature to study working memory performance based on chronotype. According to the findings of this study, teachers and clinicians are suggested to consider the importance of circadian rhythm parameters in assessing cognitive function in patients and healthy people. Awareness of individual differences of the morningness-eveningness type can be very useful in designing training programs and preventive health associated matters with each type.
